A field experiment was conducted in the years 2008-2010 at the Research Station of the Faculty of Agricultural Sciences, University of Life Sciences in Lublin, on brown soil with a slightly acidic pH, a high content of available phosphorus and potassium as well as an average magnesium content. The experiment was set up in a random split-plot design with four replications, with two methods for controlling weed infestation: I. mechanical -weeding of inter-rows twice; II. chemical -the herbicide Afalon Dyspersyjny 450 SC (a.i. linuron, 900 g×ha -1 ). Next, potassium, calcium and magnesium contents were determined in maize and in the dominant weed species. Based on the dry weight yield of maize and the biomass of particular weed species, nutrient uptake per hectare area was calculated.
INTRODUCTION
Apart from variable environmental conditions, a reduction in maize yields is the result of competition from weeds (R a j c a n and S w a n t o n , 2001). The most frequently occurring species in weed infestation of maize are Chenopodium album L., Echinochloa crus-galli (L.) P. Beauv The competitiveness of weeds in nutrient uptake and their mineral composition depend, among other factors, on their species and stage of development, the degree of weed infestation of the crop, the rate of uptake and duration of the uptake period, abundance of available forms of nutrients in the habitat, cultivation techniques, and weather conditions during the vegetation period (D u e r , 1986 ; M a l i c k i and B e r b e c i o w a , 1986a; Q as e m and H i l l , 1995; P a r y l a k , 1996; T r ą b a and W i a t e r , 2007). In general, the total macroelement content in weeds is greater than in crop plants (S t u p n i c k a -R o d z y n k i e w i c z et al. 1996 ; P a r y l a k , 1996).
The aim of the study was to determine the content of selected macroelements -potassium, magnesium, and calcium -in weeds dominating in maize cultivation as well as the magnitude of the uptake of these nutrients in comparison with the biomass of weeds and of maize under conditions of mechanical and chemical methods of weed control.
MATERIALS AND METHODS
A field experiment was conducted in the years 2008-2010 at the Research Station of the Faculty of Agricultural Sciences, University of Life Sciences in Lublin, on brown soil with a slightly acidic pH (pH 1 n KCl -6.2), a high content of available phosphorus and potassium (P -185 mg×kg -1 and K -216 mg×kg -1 ) as well as an average magnesium content (57 mg×kg -1 ). Dent maize (Zea mays L.) of the Celio variety was grown on a site where spring barley had previously been cultivated. The experiment was set up in a random split-plot design with four replications, with two methods for controlling weed infestation: I. mechanical -weeding of inter-rows twice (first at the 5-6 leaf stage of maize, and again two weeks later); II. chemical -the herbicide Afalon Dyspersyjny 450 SC applied immediately after sowing (a.i. linuron, 900 g·ha -1 ). The area of each plot was 19.8 m 2 . The mineral fertilizer was applied uniformly in the following amounts: N -140 kg×ha -1 (ammonium nitrate), P -35 kg×ha -1 (triple superphosphate), K -100 kg·ha -1 (potassium chloride). Phosphorus and potassium fertilizers were applied once, before spring pre-sowing treatments, while the application of nitrogen was split (half before sowing and half for top dressing in the 5-6 leaf stage of maize). Maize was sown on 28 April, 4 May, and 10 May. There were 110,000 plants sown per hectare. Tillage was done according to the recommendations for maize.
The maize was harvested at the early dough stage, on 29 August 2008, 3 September 2009, and 6 September 2010. Dry weight yield was calculated per hectare. Two weeks before harvesting, weeds were collected from 1 m 2 of each plot (two sampling areas of 0.5 m 2 each). The majority of weeds were in bloom or after the bloom stage. Determinations were made of their number and botanical composition, after which they were air-dried and the dry weight of the aboveground parts of particular species was determined, as well as their total biomass. Next, potassium, calcium and magnesium contents were determined in maize and in the dominant weed species, i.e. Chenopodium album L. (White Goosefoot), Galinsoga parviflora
and Polygonum lapathifolium L. subsp. lapathifolium (Curlytop Knotweed), following mineralization by flame atomic absorption spectrometry (PN-ISO-8288). Based on the dry weight yield of maize and the biomass of particular weed species, nutrient uptake per hectare area was calculated. The species specificity coefficient (SSC) was also determined; it expresses the ratio of the content of a given mineral component in the plant tested to the mean content in all the species tested in the plant community. A value of SSC > 1 indicates high accumulation of a given element by the species. The results of the study were analysed statistically using variance analysis, and statistical inference was performed based on Tukey's test, at a significance level of p = 0.05.
RESULTS
The cultivation methods applied significantly affected the degree of weed infestation in the maize crop (Table 1) . Where the mechanical method of weed control was used, both the number and dry weight of weeds was greater than in the case of the chemical method. The most abundant species in maize, regardless of the weed control method applied, was Echinochloa crus-galli (L.) P. Beauv. It also had the greatest above-ground mass, constituting 67.7% and 80.1% of the total biomass of the weeds for mechanical and chemical weed control, respectively. The next most frequently occurring species was Chenopodium album L; under mechanical cultivation conditions 5 weeds.·m -2 were noted, while the herbicide reduced the number of plants per unit area by nearly 50%, and the air-dry weight by 68.8% (Table 1 ). The remaining weeds that occurred frequently were Galinsoga parviflora Cav., Cirsium arvense L. and Polygonum lapathifolium L. subsp. lapathifolium. These five dominant species constituted 84.5% of the total number of weeds growing in the maize crop.
The content of all the macroelements determined was substantially higher in the weed biomass than in the maize. Potassium content in the above-ground parts of the dominant weed species was 4.6 times higher than in the maize ( Table 2) . The highest potassium content among the weeds was noted in Galinsoga parviflora Cav. -34.2 g×kg -1 dw (dry weight), and the lowest in Polygonum lapathifolium L. subsp. lapathifolium -20.5 g×kg -1 dw. Chenopodium album L. and Cirsium arvense L. were the only weeds that accumulated more potassium in the plots where chemical weed control was used. Maize also accumulated more potassium where herbicidal protection was used than in the case of mechanical weed control. The amount of potassium taken up from the soil was mainly the result of the greater biomass of the maize and weeds. The maize yield was on average 10.6 t×ha -1 dw, while the biomass of the dominant weeds was 0.11 t×ha -1 dw, so the differences in potassium uptake are unsurprising ( Fig. 1 and 2 ). The percentage share of weeds in the total uptake of this nutrient from the soil was 39.9% in the case of mechanical weed control and 17.7% where the chemical method was used. The weed species that took up the most potassium with its biomass was Echinochloa crus-galli (L.) P. Beauv., followed by Chenopodium album L. (Table 2) .
The mean calcium content in the weeds was over 8 times higher than in the maize (Table 3) . It was highest in Cirsium arvense L. and lowest in Echinochloa crus-galli (L.) P. Beauv. Where mechanical weed control was applied, the total uptake of calcium with the biomass of the maize and weeds together was 20.8 kg×ha -1 , and the percentage share of weeds in the calcium uptake was 43.8%. In the case of chemical weed control, the total calcium uptake was 18 kg×ha -1 . The share of weeds in the total uptake was lower, accounting for 26. 6% . Among the weed species tested, the most calcium was taken up by Echinochloa crusgalli (L.) P. Beauv. and Chenopodium album L. (Table 3).
The magnesium content in the maize was 0.73 and 0.83 g×kg -1 dw for the mechanical and chemical methods of weed control, respectively (Table 4) . The mean Mg content in the weeds was 2.50 g×kg -1 dw. The highest magnesium content was noted in Chenopodium album L. and Polygonum lapathifolium L. subsp. lapathifolium, and the lowest content in Galinsoga parviflora Cav. The maize with its biomass took up 7.01 and 9.63 kg×ha -1 of magnesium under conditions of mechanical and chemical weed control, respectively. The percentage of weeds in the magnesium uptake was 35.0% where only mechanical weed control was applied, and 19.9% when the herbicide was used. As in the case of potassium and calcium, the magnesium uptake was the result of the biomass of the maize and the weeds. Thus, the substantial magnesium uptake by Echinochloa crus-galli (L.) P. Beauv. and Chenopodium album L. is unsurprising.
The values obtained for the species specificity coefficient (SSC) also confirm the high potential of weed taxa to accumulate these elements (Table 5) in comparison with the maize. The species specificity coefficient for all the weed species tested was highest in the case of calcium. Fairly abundant in the maize crop under study was Galinsoga parviflora Cav., which is currently very common and rather troublesome in root crops, maize, and -less frequently -cereals. It also occurs with high frequency in ruderal areas, most often in warm locations with abundant nutrients and neutral pH (W n u k and Z i a j a , 2010).
Competition of weeds with crop plants depends on their stage of development and species, abundance of nutrients in the habitat, cultivation techniques, and the crop they are growing in (Q a s e m and H i l l , 1995; T r ą b a and W i a t e r , 2007; G u g a ł a et al. 2009 ). Maize, due to its rather slow initial growth, is quite sensitive to weed competition. Chenopodium album L. is a particularly harmful weed, because it takes up substantial quantities of nutrients. Competition from Chenopodium album L. in nutrient uptake depends on soil type, fertilization, crop rotation, the species of crop plant, and its proportion in weed infestation (S t u p n i c k a -R o d z y n k i e w i c z et al. 1996 ; P a r y l a k , 1999; T r ą b a and W i a t e r , 2004). Chenopodium album L. usually accumulates more mineral components than crop plants and better exploits them (C z u b a and W r ó b e l , 1983; W i a t e r and T r ą b a , 2002). C z u b a and W r ó b e l (1983) report that potassium content in Chenopodium album L. ranged from 40 to 50 g×kg -1 dw. P a r y l a k (1999) found that this species, in spring triticale grown on light soil, took up potassium at the highest rate (nearly 90 g×kg -1 dw.) among the weeds studied. In a study by M a l i c k i and B e r b e c i o w a (1986b), potassium content in Chenopodium album L. ranged from 25.1 to 45.1 g×kg -1 dw, depending on the crop species it grew in (it was smaller in sugar beet, higher in spring barley). The present study found that Chenopodium album L. accumulated nearly 4 times more potassium than the maize, and more than Polygonum lapathifolium L. subsp. lapathifolium or Echinochloa crusgalli (L.) P. Beauv. However, among the dominant weed species, the most competitive in potassium uptake was Galinsoga parviflora Cav.
In a study by S t u p n i c k a -R o d z y n k i ew i c z et al. (1996) , among 10 weed species examined Chenopodium album L. showed particularly high accumulation not only of potassium but also of calcium. T r ą b a and W i a t e r (2007) found that calcium content in Chenopodium album L. ranged from 9.3 to 13.7 g×kg -1 , depending on the crop species it grew in and on the fertilization system. A particularly strong capability of this species to assimilate calcium was also observed by P a r y l a k (1996) The ability of different crop and weed species to take up mineral components from the soil is influenced by unequal valency and the cation exchange capacity of their roots (D r a k e et al. 1951 ). The cation exchange capacity of the roots of dicotyledons, which include Chenopodium album L. and Cirsium arvense L., is twice as high as that of monocotyledons, which include Echinochloa crus-galli (L.) P. Beauv. This may also explain the greater uptake of macroelements by weeds, which are mainly dicotyledons, than of maize. Similarly, D u e r (1986) as well as Z a w i ś l a k and K o s t r z e w s k a (2000) observed that accumulation of nutrients was several times greater in the biomass of weeds dominated by dicotyledon species than in cereals. A confirmation of the high competitiveness of weeds with maize for Ca is the high species specificity coefficient (SSC) for this element. A value of SSC > 1 is found in taxa with high potential for accumulating calcium (L a m b e r t et al. 1973 ). In the present study, 4 of the 5 weeds had SSC > 3.
The quantity of macroelements taken up by weeds is conditioned more by the size of their biomass than by the content of the nutrient in the dry mass of the species (T r ą b a and W i a t e r , 2007). This is why, as Z a w i ś l a k and K o s t r z e w s k a report (2000) , in spite of a 2-3-fold higher concentration of nutrients in the mass of weeds than in the mass of rye grown in crop rotation, the macroelements taken up by the weeds constituted only 9.6% of the total amount taken up by the above-ground biomass of the crop plants and weeds together. However, in rye grown in monoculture, due to the greater biomass of the weeds, their percentage share of the macroelement uptake was as high as 34.8% and 32.5% for mechanical and chemical crop protection, respectively. P a r y l a k (1996) determined that the percentage share of weeds in the total uptake of nutrients by barley together with the weeds accompanying it depended on the stage of development, and was greatest during the harvest maturity period of barley (35%). L i s z k a -P o d k o w a and S o w i ń s k i (2009) report that accumulation of macroelements by weeds in a maize crop varies depending on the method of weed control used. In the present study, the percentage share of weeds in the total uptake of potassium, calcium and magnesium from the soil by the maize and weeds together also depended on the weed control method used. The percentage share of weeds in the total amount of calcium taken up was as high as 43.8% where mechanical cultivation was used and 26.6% where the herbicide was applied. This resulted from the 10-fold higher calcium content in the biomass of the weeds than in the maize. The high competitiveness of weeds in accumulating calcium was also pointed out by P a r y l a k (1996), who found that 56% of total calcium taken up by barley and the weeds accompanying it was taken up by the latter, while the corresponding figure for potassium was 36%. The present study found the competitiveness of weeds in accumulating potassium and magnesium to be smaller, but also significant. The percentage share of weeds in potassium uptake was 39.9% and 17.7% for the mechanical and chemical methods of weed control, respectively, and 35.0% and 19.9% in the case of magnesium.
